ABSTRACT. To understand the genetic diversity of the S2 gene of infectious bronchitis viruses (IBV) isolated in Japan, we determined the nucleotide sequences of these IBVs using the reverse transcriptase polymerase chain reaction method coupled with direct sequencing. IBV isolated in Japan were classified into six different groups by phylogenetic analysis based on the S2 gene. However, the classification based on the S2 gene of IBV isolated in Japan was different for some of the strains from those obtained with our previous analysis of the S1 gene. This suggested that genetic recombination between the virus strains classified into different genetic groups had occurred in poultry, and that recombinant viruses might be epidemic in Japan. KEY WORDS: diversity, infectious bronchitis virus, S2 gene.
Avian infectious bronchitis virus (IBV), a member of the Coronaviridae family (order Nidovirales, genus Coronavirus), causes a highly contagious respiratory and sometimes urogenital disease in chickens, and leads to problems with egg production and shell quality in layer chickens. The causative coronaviruses are an enveloped and positivestranded RNA virus containing an unsegmented genome of approximately 27.6 kilobases (kb) [2] . The major method of protecting poultry from this disease is the application of live or killed vaccines [5] . In the field, however, the protection afforded by vaccination is not complete, since the high mutation frequency of IBV leads to emergence of new viruses capable of causing disease in chickens [25] .
IBV has three major virus-encoded structural proteins: the spike (S) glycoprotein, membrane (M) protein and nucleocapsid (N) protein. The IBV spike is formed by posttranslational cleavage of two separate polypeptide components, designated S1 and S2 [4] . Of these, the S1 glycoprotein is associated with virus attachment and is a major target of the neutralizing antibodies in chickens [6, 9] . Therefore, recent genetic grouping of IBV has mainly been performed on the basis of the nucleotide sequences of the S1 glycoprotein gene [10, 14, 15, 24, 26, 27] .
We previously revealed that IBV strains isolated in Japan were classified into six genotypes by phylogenetic analysis of mainly hypervariable regions of the S1 glycoprotein genes [18, 19] . On the other hand, another genetic grouping method of IBV was reported on the basis of restriction enzyme fragment length polymorphism (RFLP) of nucleotide sequences of the S2 glycoprotein gene [16, 17] . The researchers reported that the RFLP results were almost in accordance with the serological typing, although the S2 glycoprotein was not the major region to encode for the strainspecific neutralization epitopes. Therefore, it was suggested that genetic diversity like the S1 gene was recognized even in the S2 gene. However, sequence analyses of the S2 gene, particularly IBV strains isolated in Japan, have not been fully performed until now. The purpose of this study was to understand the diversity of the S2 gene of IBV isolated in Japan by sequence and phylogenetic analysis, and to compare the results with those previously reported on the S1 gene.
MATERIALS AND METHODS

Viruses:
Thirty three fields IBV isolated in Japan were used in this study (Table 1) [18, 19] . Allantoic cavities of specific-pathogen-free embryonated eggs were used for virus propagation. The following commercial attenuated live vaccine strains in Japan were also used in this study: C-78, Nerima, Kita-1, KU, ON/74, Miyazaki, TM86 and GN. They were derived from field outbreaks of IB in Japan. For comparison with previous data shown by Lin [16] , some reference foreign viruses, Iowa-609, Gray and A-5968 strains and live attenuated foreign 4/91 vaccine, were also used.
Reverse transcriptase-polymerase chain reaction, sequencing and phylogenetic analysis: Viral RNA was extracted from infected allantoic fluids using an ISOGEN-LS kit (Nippon Gene, Tokyo, Japan). A reverse transcriptase (RT) reaction was carried out with Superscript III (Invitrogen, Carlsbad, CA, U.S.A.) using random 9-mers. The following primers for amplification of part of the S2 gene designed by Lin [16] were first used: IBV-P1 (forward), 5'-TGGATAAGGTCCAAATTAATTG-3', and IBV-RP1 (reverse), 5'-AGCAAACCATTATATTCAC-GAG-3'. However, the expected sizes of the DNA fragments were not obtained from some of the IBV strains in this study with the primers used. Therefore, we designed several new primers based on comparison and alignment of the GenBank sequences of several known IBV strains.
Finally, the expected sizes of DNA fragments (about 490 base pairs) were successfully amplified by RT-PCR from all the employed IBV samples with IBV-P1 and new designed IBV-RP2 (5'-GCTGCTGTAATACCACCAAAAGCCAT-3') reverse primers. Purified PCR products were used as a template for sequencing using dye terminator cycle sequencing chemistry (Applied Biosystems, Carlsbad, CA, U.S.A.). The purified PCR products were sequenced from both directions. The derived nucleotide sequences were analyzed using GENETYX-Mac ver. 13.0 (Software Development Corp., Tokyo, Japan), and through GenBank searches. Phylogenetic analysis with some available sequences from GenBank was conducted using the Clustal X program [23] , and the tree was constructed by the neighbor-joining (NJ) method [20] . 
RESULTS
Phylogenetic analysis of S2 gene:
The lengths of the nucleotide sequences of the PCR products derived from the strains employed in this study were all identical (442 bp), indicating that there were no apparent insertions or deletions in this region. These strains were divided into eight different groups by phylogenetic analysis, and the IBV isolated in Japan were classified into six different groups among them (Table 1, Fig. 1 ). This grouping was almost consistent with the grouping done previously by restriction endonuclease fragment length polymorphism (RFLP) analysis by Lin [16, 17] . Namely, the strains belonging to the Massachusetts, Gray and Connecticut types were classified into group I, II and III, respectively. The strains belonging to the foreign Iowa-609 type was classified into group IV. Group V consisted of only Japanese strains, including the C-78 vaccine strain, and group VI also consisted of mainly Japanese strains, including the comparatively newly established vaccine strains, the Miyazaki, TM86 and GN strains. All viruses belonging to groups VII or VIII were consisted of strains isolated after 2000, which were not employed in the previous study by Lin [17] . Recent field IBV isolates after 1989 in Japan were all classified into groups V, VI, VII and VIII. These results were almost in accordance with the classification by RFLP analysis, although new groups (VII and VIII) were identified.
Comparison of each genotype of S2 and S1: As has been described previously [18, 19] , IBV strains isolated in Japan were genetically classified into several genotypes (JP-I, JP-II, JP-III, Mass, Gray and 4/91) based on phylogenetic analysis of S1 glycoprotein genes including the hypervariable regions. Comparing the results of S1 and S2 genetic analysis, grouping of the viruses of the S2 gene was different for some of the strains from those of S1 (Table 1) . It was of note that many viruses classified into group VI by analysis of the S2 gene, including the GN vaccine strain, were divided into to the JP-I genotype based on S1 genetic analysis. For example, the GN vaccine strain was divided into the JP-I genotype (including the C-78 vaccine strain) based on analysis of the S1 gene. However, this strain was divided into group VI (including the Miyazaki vaccine strain) based on analysis of the S2 gene. By comparing nucleotide sequences, the GN vaccine strain showed close sequence similarity of 96% with the Miyazaki vaccine strain in the S2 gene, though it had the sequence identity of only 73% with that in the S1 gene. On the other hand, the GN vaccine strain showed sequence similarity of only 83% with the C-78 vaccine strain in the S2 gene, though it had sequence identity of 91% with that in the S1 gene. The GN vaccine strain was isolated from field chickens with nephritis by repeated cloning and passaging in embryonated eggs, suggesting the impossibility of the existence of mixed genetic groups. Elsewhere, JP/Shimane/98 (genotype based on S1 gene was JP-III) and JP/Wakayama/2003 (genotype based on S1 gene was 4/91) were both classified into group VI based on S2 gene analysis. By combining the S1 and S2 genotype, the IBV strains isolated in Japan employed in this study were classified into nine groups (Table 2 ). These dates suggested that genetic recombination between the virus strains classified into different genetic groups by analysis of different genes had occurred in chickens.
DISCUSSION
So far, based on phylogenetic analysis of the S1 and N genes, genetic recombinants of IBV were suspected to exist in several countries including Japan [1, 8, 21, 27] . Moreover, based on phylogenetic analysis of several regions of the S2 gene, the Japanese KB8523 strain [22] was considered to be a potential recombinant [12] . This strain was divided into the Massachusetts genotype based on the S1 gene, although the sequence of a part of the S2 gene was remarkably more similar to the D1466 genotype than to the Massachusetts type. However, although analysis of the S2 gene is important for understanding the extent of the recombination event of IBV in chickens, genetic analysis of the S2 gene, particularly recent Japanese isolates, has not been fully reported.
Here, we revealed the diversity of the N-terminal region of the S2 gene of IBV in Japan, and confirmed that this region was useful for grouping of IBV strains. Comparing the phylogeny of the S2 gene with that of S1 reported by us previously, a recombination event seemed to occur between the virus strains classified into different genetic groups based on different genetic regions. In the past, the genetic diversity of IBV was mainly monitored by analysis of the S1 gene, since this region was associated with many biological functions such as attachment to cellular receptor and tissue tropism. In addition, this region is a major antigenic site to induce neutralizing antibodies. On the other hand, although a major antigenic site did not exist in the S2 gene, this region was considered to be associated with antigenicity which is affected by that conformation [3] . Therefore, analysis of the S2 gene is also important for furthering understanding of the antigenicity of isolates, and antigenic diversity among IBV strains may arise from such recombination events between the virus strains classified into different genetic groups. Our results suggested that analysis of not only the S1 gene, but also other regions such as the S2 gene, would be important for further detailed characterization of IBV isolates.
The genetic recombination is known as a feature of IBV [7, 11, 13] , but the extent of recombination events among IBV field isolates has not yet been fully understood. Within the Massachusetts serotype, recombination was suggested to occur within the S2 gene as a consequence of the high nucleotide homology among IBV strains [7] . However, the region analysed in this study was genetically diverse, so recombination sites might exist within remaining regions of the S2 or other genes. Further sequence characterization of other genetic regions is required to understand the recombination sites and mechanism of IBV. 
